S1 Experimental Procedures Materials
1,4-dioxane (99+%, a.c.s. grade, Alfa Aesar), chloro(1,5-cyclooctadiene)rhodium(I) dimer (98%, ABCR), 1,3-bis(diphenylphosphino)propane (98%, ABCR), scandium(III) triflate (95%, Acros), indium(III) triflate (99%, ABCR), gallium(III) triflate (98%, ABCR) and ytterbium(III) triflate (98%, ABCR) were all used as received. Lignin model compounds 2-phenoxy-1-phenylethan-1-ol (1a), [1] 1-(3,4-dimethoxyphenyl)-2-(2-methoxyphenoxy)ethan-1-ol [1] (1b) and 1-(3,4-dimethoxyphenyl)-2-(2-methoxyphenoxy)propane-1,3-diol (1d, obtained as a 5:1 mixture of erythro:threo) were synthesized according to previously published procedure. Dioxasolv lignin was isolated from poplar sawdust (sieved through a 1mm grid), brewers' spent grains, and commercial pine wood shavings according to a previously published procedure, affording 9, 4 and 3.5 wt% of lignin respectively. [2] The brewers' spent grains were sourced from Daftmill Distillery, Cupar, UK and were air dried to a constant weight before use. Poplar sawdust used in reactions was Soxhlet extracted overnight, dried under vacuum, and ball-milled for 25 days at 60 rpm to afford a very fine powder. [3] Physical Measurements GC measurements were performed on a Varian GC equipped with a VF-5 ms capillary column and an FID detector. Mesitylene was used an internal standard; response factors were determined for all products for which reference materials were available, for other compounds these were extrapolated by number of carbon atoms from structurally similar compounds. GC-MS measurements were performed on a Shimadzu GC-2010 using a VF5-ms column, coupled to a Shimadzu GC-MS-QP2010 mass spectrometer. 2D GC×GC-MS (1st column: VF-5ms 30 m, 0.25 mm ID, df 0.25 μm; 2nd column: VF-17ms, 1 m, 0.15 mm ID, df 0.15 μm) was performed in a GC-MS2010 Ultra (Shimadzu) equipped with a ZX1 thermal modulation system (Zoex).
The temperature program started with an isothermal step at 40 °C for 5 min. Next, the temperature was increased to 280 °C by 2.5 °C min -1 . The program finished with an isothermal step at 280 °C for 5 min. The modulation applied for the comprehensive GC×GC analysis was a hot jet pulse (375 ms) every 7000 ms. The 2D chromatograms were processed with GC Image software (Zoex). NMR spectra were recorded on a mg, 0.120 mmol) and 22 mL 9:1 1,4-dioxane:water mixture. After sealing, the autoclave was flushed three times with 50 bars argon and after release of pressure heated to the reaction temperature. After reacting for 2 hours, the heating mantle was removed and the reactor rapidly cooled with an ice-water bath. From the resulting solution was taken a 200 µL sample, which was concentrated in vacuo and redissolved in the GPC mobile phase for GPC analysis. To the remainder was added mesitylene and a 0.5 mL sample was passed over 0.5 g of silica gel padded with 0.2 g of magnesium sulfate to remove water and the inorganic compounds; organics were subsequently eluted with 3 mL ethyl acetate and analyzed by GC and GC-MS. In so far possible, quantification was performed against authentic standards; if not response factors were determined by interpolating from known compounds (Table S2) . 
2-bromo-3',4',5'-trimethoxyacetophenone

2-(2-methoxyphenoxy)-1-(3,4,5-trimethoxyphenyl)ethan-1-one
The crude material from the previous step was dissolved in 250 mL acetone, to which was added 9.31 g (75 mmol) guaiacol and 11.3 g (81.8 mmol) potassium carbonate.
The mixture was refluxed for 3 hours and after cooling to room temperature the solids were removed by filtration. Concentration of the filtrate afforded a yellow-brown solid, which was subjected to recrystallization from 5: 
